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First do no harm: Addressing respiratory morbidity in the 
newborn and child following elective caesarean section 
before 39 weeks’ gestation
J Smith, R J Alexander
To the Editor: Globally, caesarean section (CS) rates are 
increasing and vary between 18% and 31%,1,2 but between 65% 
and 82% in some countries with private health care.3,4
A CS performed for the right indication is in the best interest 
of the mother and/or baby. However, the indications for an 
elective CS at or near term remain controversial and vary 
widely. CS on request before 39 weeks’ gestation and/or 
those performed for physician convenience or after incorrect 
interpretation of dates are of special interest. These elective CS 
criteria are unlikely to be in the best interests of the unborn 
child, mother, or family if performed too early. The interplay 
between a maternal request based on patient autonomy, 
(consumer) choice or convenience and physician threshold 
for choosing it before the due date remains a concern. Our 
experience is that these ‘reasons’ are rarely accurately recorded 
in the clinical notes, which often reflect unconvincing medical 
reason(s) for performing early CS. However, one cannot ignore 
the trend that an elective CS following a maternal request is 
regarded as a valid option in some developed countries and 
is often the major factor influencing the mode of delivery,5-7 
including a belief that its risks for healthy women are so low 
that CS is a reasonable elective childbirth option.8
To determine the respiratory morbidity related to CS, we 
reviewed our own experience with infants of a gestation of >37 
weeks, who required admission to a private neonatal intensive 
care (NIC) unit over a 6-year period. We then extrapolated our 
own and other results to create a scenario relevant to South 
Africa.
The discussion focuses on after-birth physiological 
adaptation of the full-term newborn after CS and its poorly 
recognised associated respiratory neonatal and post-neonatal 
morbidity. Evidence-based recommendations are made to 
lower this health care burden.
Study population and methods
We reviewed the hospital records of consecutively admitted 
infants to the Panorama NIC unit between January 2003 
and December 2008. The review focused on those of >37 
weeks’ gestation with respiratory-related conditions. These 
diagnoses included ‘respiratory distress’, ‘respiratory distress 
syndrome (RDS)’, ‘persistent pulmonary hypertension of 
the newborn (PPHN)’, ‘transient tachypnoea of the newborn 
(TTN)’, ‘pneumothorax’, or combinations thereof. Infants 
with a diagnosis of meconium aspiration or pneumonia were 
excluded. Data on invasive and/or non-invasive ventilatory 
support were retrieved. Statistical analysis was performed 
using SSC-Stat version 2.12. A p-value <0.05 was accepted as 
significant.
Results
Of the 1 303 infants admitted, 275 (21.1%) were of >37 weeks’ 
gestation (Table I). Of the 275 infants who were of >37 weeks’ 
gestation, 135 (49%) were admitted with one or more of 
the respiratory-related diagnoses. Respiratory distress or 
RDS was diagnosed in 75.6% and TTN in 24.4%. Significant 
PPHN was associated with either RDS or TTN in 15.5%, and 
a pneumothorax occurred in 7.4%. A total of 79 (58.5%) with 
a respiratory-related diagnosis required ventilation support; 
of them, 31 (22.9%) were ventilated and 48 (35.5%) received 
nasal continuous positive airway pressure (NCPAP). Surfactant 
was administered in 10 (12.6%), and 13 (16.4%) infants were 
treated with inhaled nitric oxide (62% of infants diagnosed 
with PPHN). Despite a 20% reduction in the number of infants 
admitted with a gestation exceeding 37 weeks between 2003 
and 2008 (Pearson’s, p=0.019), the number of infants admitted 
with respiratory-related diagnoses in this category did not 
reach significance (chi-square; p=0.82). After 2005, a trend 
towards fewer infants admitted with respiratory-related 
diagnoses was observed (p=0.06). Of the 135 infants admitted 
with respiratory-related diagnoses, 96% were delivered by CS.
Discussion
After birth, a newborn faces a big challenge to rapidly adjust 
its physiology from the intrauterine milieu with fluid-filled 
lungs, to an environment in which the lungs are filled with 
air. CS infants are deprived of natural adaptive physiological 
responses.1,6,9,10 Postnatal adaptation and development of 
neonates could be different due to the birth method and these 
effects may last throughout adulthood.6,11-14 Owing to altered 
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physiological responses, CS babies have lower 1-minute Apgar 
scores, higher need for resuscitation in the delivery room and at 
least 5 times higher requirements for ventilatory support.11,15-17
Palme-Kilander et al. measured various parameters during 
the first 5 minutes after birth in healthy newborn infants after 
vaginal delivery or CS.18 There was a clear difference in gas 
exchange between groups, the VCO2 and VO2 of vaginally 
delivered infants remained higher, while the VCO2 and VO2 of 
CS neonates declined to levels lower than the basic metabolic 
rate of 5 - 6 ml/kg/minute. Inadequate lung aeration with 
decreased functional residual capacity and hypoventilation 
could have been responsible for these differences. A delay 
in establishing final lung volumes of up to 24 hours was 
described in babies born without labour or passage through the 
birth canal.19 Therefore, compared with vaginal deliveries, there 
is an increased likelihood of delivery room (DR) morbidity 
associated with elective CS at or near term, necessitating 
the presence of trained staff to stabilise the condition of the 
neonate after delivery.16,17
Prior to 39 weeks’ gestation, and in the absence of risk 
factors, an elective CS increases iatrogenic prematurity and 
respiratory morbidity,1,9,11 Studies show significantly increased 
odds (2- to 5-fold) of respiratory morbidity of near-term infants 
after elective CS compared with babies born vaginally.20,21 
More specifically, the respiratory morbidities assessed 
included RDS, TTN and PPHN. Stratified by gestational 
age, the risk decreased from 14-fold higher at 37 completed 
weeks of gestation to 3.5-fold higher at 39 completed weeks 
of gestation.20,22 Respiratory-related morbidity determined 
from more than 24 000 newborn births, including near-term 
neonates (≥37 weeks’ gestation) born by elective CS without a 
trial of labour, clearly showed higher occurrence of RDS, TTN, 
NIC admission, oxygen therapy and ventilator care, compared 
with successful vaginal birth.9 TTN is usually considered to 
be benign and self-limiting; however, both our and previous 
studies describe severe respiratory failure after elective CS 
resulting in need for ventilation, including high-frequency 
oscillation, surfactant and inhaled nitric oxide.23 The timing of 
elective CS influences the pneumothorax risk, with a reported 
decrease in the incidence from week 37 to 37+6 onward.24
Regarding cardiovascular adaptation, a decrease was 
shown in cardiac output and heart rate during the first 48 
hours of life in CS and vaginally delivered infants. In spite 
of increased catecholamine levels in the vaginally delivered 
infants, differences between the groups were marginal.25 
Likewise, despite higher umbilical arterial epinephrine and 
norepinephrine concentrations in the vaginally delivered 
infants compared with CS-delivered infants, similar findings 
were reported for left ventricular output and its regional 
distribution between CS and vaginally delivered neonates.26 
Therefore, the capacity of infants delivered by CS to tolerate 
cardiovascular changes during the early neonatal period is 
comparable with those delivered vaginally, even though there 
are significant differences in their catecholamine surge. During 
the early neonatal period, significant differences exist between 
CS-delivered and vaginally delivered babies in lung adaptation 
despite there being no real difference in their respective 
cardiovascular situations.
We found no significant decrease in the immediate neonatal 
respiratory-related morbidity experienced by infants delivered 
by CS after >37 weeks’ gestation. Others also found that 
the electively delivered term infant is at significant risk of 
respiratory morbidity which is potentially preventable if 
evidence-based practices are followed.9 In South Africa, 
approximately 750 000 babies are delivered each year at term 
gestation. An estimated 15% and 85% of them are delivered 
in private and public facilities, of whom some 60% and 
25% respectively are delivered by CS.4 If an elective CS was 
performed for a non-medical reason in an estimated 20% of the 
CS deliveries after 37 weeks’ gestation, the expected number of 
elective CS-delivered babies who present annually to private 
and public neonatal units with respiratory-related conditions 
would be in the order of 6 000 and 15 000, respectively. These 
figures (~2.8% of term deliveries) highlight an area of health 
care that requires much more attention to improve neonatal 
care and long-term outcome. Long-term effects following CS 
delivery are increasingly reported. Neonatal immune responses 
can be altered and the risk of atopy increased. It is therefore 
plausible that the mode of delivery might have contributed to 
the global rise in asthma. Children born by CS have a higher 
risk of asthma than those born vaginally, particularly children 
of allergic parents. CS increases the risk for sensitisation to 
common allergens in children with non-allergic parents.27 
Among children with a parental history of asthma or allergies 
Table I. Total numbers of infants admitted
   2003  2004  2005  2006  2007                2008
Total admissions  189  217  216  215  232                234
GA >37 wks (N (%)) 50 (26.4)*  49 (22.5)  46 (21.2)  47 (21.8)  43 (18.5)                40 (17)*
Respiratory-related  
admissions (N (%))  30 (60)†  24 (48.9)  28 (60.8)  26 (55.3)  19 (44.1)                24 (60)†
*Pearson’s = 0.019.
†Chi-square p = 0.82.
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and born by CS, there was a twofold higher odds of atopy 
compared with those born vaginally, and birth by CS was 
significantly associated with increased odds of allergic rhinitis, 
but not with asthma.28 A systematic review found that the risk 
of developing IgE-mediated sensitisation to food allergens 
is increased among children delivered by CS compared with 
those delivered vaginally.29
The association between elective CS and respiratory 
problems could be because labour is important for neonatal 
adaptation. The squeeze through the birth canal triggers a 
surge of hormones at birth, particularly catecholamines, and 
these, particularly adrenaline, inhibit lung liquid secretion 
and stimulate its absorption, enhancing aeration of the lungs.6 
A randomised controlled trial found that infants delivered 
by elective CS (37 - 39 weeks’ gestation) whose mothers were 
given intravenous terbutaline had lower respiratory morbidity, 
better lung function and higher adrenaline and blood glucose 
concentrations compared with a control group.30 These findings 
supported the premise that stimulation of beta-adrenoceptors 
with adrenoceptor agonists before an elective CS may promote 
postnatal respiratory and metabolic adaptation. Stutchfield et 
al. showed that antenatal betamethasone administered within 
48 hours of delivery and delaying non-urgent elective CS 
until 39 weeks both reduced admissions to neonatal units.31 
The benefits of antenatal steroids persisted until 39 weeks and 
antenatal betamethasone reduced the incidence of TTN from 
4% of elective CS to 2.1% (decrease of 47%) and that of RDS 
from 1.1% to 0.2% (decrease of 43%).
Although few South African figures exist regarding 
respiratory-related morbidity after elective CS, we believe 
that CS performed before 38 completed weeks of gestation is 
a child health issue.32 It is therefore pertinent to debate how 
the elective CS at or near term could be more appropriately 
managed and the number of cases admitted to neonatal 
units thus lowered. One step could be to clarify or debate 
the importance of maternal/parental choice about CS for 
non-medical reasons. If maternal autonomy is accepted in 
this regard, our view, shared by others, is that there should 
be agreement on choice as a valid reason for performing an 
elective CS only in pregnancies without prenatally identified 
risk factors, and that this is recorded. Moreover, whenever 
possible, CS should not be performed earlier than at 38 
completed weeks of gestation, i.e. before 39+0. If the exact dates 
are uncertain or maternal choice is exercised, there should be 
proper consultation, informing the mother of the probable 
benefits of prenatal steroid treatment and risks that CS may 
pose to her and, more importantly, to her offspring. She should 
be informed of the risk of asthma for her child, especially if 
parents have a history of allergy or asthma.27 Non-medical 
CS must be clinically evaluated in each case. With current 
evidence for long-term adverse child health outcomes, it also 
presents an ethical issue: How much can consumer autonomy 
override medical evidence for an adverse long-term outcome 
in the child? Chronic illness and disability may unwittingly be 
fostered by uncontrolled non-medical indications for CS.
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